ABSTRACT
INTRODUCTION
Because of the increased availability of crystalline amino acids (AA) (lysine, methionine, and threonine, including the "new" amino acids isoleucine and valine), and the continual need to improve the utilization of nutrients to reduce the impact of livestock production on the environment, there is always a need to more fully understand amino acid nutrition of non-ruminants [13] . Lysine is the first limiting amino acid in a typical swine diet and it plays a very important role in promoting the growth performance of pigs [25] . Dietary supplementation of crystalline lysine for pigs can significantly increase body muscle protein accretion, which may be due to a greater increase in the rate of protein biosynthesis rather than that of protein degradation [11, 17] . In addition, nutritional studies have demonstrated that dietary supplementation with several AA: modulates gene expression, enhances growth of the small intestine and skeletal muscle, or reduces excessive body fat [6, 8, 26, 37] .
A reduction of dietary crude protein (CP) could limit the growth performance of growing pigs, but a low-protein diet, supplemented with deficient amino acids, could reduce the excretion of nitrogen into the environment without affecting weight gain [2, 10, 36] . The dietary CP concentration can be decreased from 15 to 12 % with crystalline amino acid supplementation to meet an ideal amino acid profile without adversely affecting the nitrogen retention [23] . Supplements of synthetic amino acids to animal diets are important not only on nutritional and economic aspects, but also on the environmental aspects [9] . It is concluded that the supplementation of limited amounts of synthetic amino acids to diets for swine could spare 2 to 3 percentage units of dietary protein and substantially reduce the nutrient excretion, especially of nitrogen [9] . The metaanalysis of S a j e e v et al. [28] confirmed that CP in animal diets and the emissions of ammonia demonstrated a clear relationship. The meta-analysis revealed a mean ammonia reduction of 17 ± 6 % per %-point CP for cattle and 11 ± 6 % for pigs. Most studies indicated that the reduction of dietary CP could effectively decrease the nitrogen emission [11, 30, 31] . This fact motivated us to determine the effects of reducing the dietary CP content from 21.1 to 18.6 % on serum biochemical parameters and indicators of fermentation processes.
MATERIALS AND METHODS

Animals and diets
This study was conducted on 12 crossbred piglets (Slovakian White x Landrace), with an initial average body weight (BW) of 8.8 ± 0.6 in the control and 8.6 ± 0.7 kg in the experimental group with weaning at 28 days of age in both groups. At weaning, piglets were divided into two groups (6 pigs in each group). Both groups contained equal numbers of females (2) and castrated males (4) . The experimental period lasted 28 days.
The same basic ingredients for the control and experimental groups were used in the study. The diets were formulated based on corn, wheat, barley, soybean meal, vitamin + mineral premix, and salt. The animals were divided into two groups according to the two different CP levels of diet (21.1 % and 18.6 %; the reduction of CP by 2. CP-crude protein; EE-etheric extract; CF-crude fibre; NDF-neutral-detergent fibre; ADF-acid-detergent fibre NFE-nitrogen-free extract; Lys-lysine; Thr-threonine; Met+Cys-methionine + cysteine
Statistical methods
All data were reported as the mean ± SD (standard deviation). The differences between means were determined according to the unpaired t-test using Graph-Pad Prism statistical program (Graph Prism software, USA). By conventional criteria, differences (P < 0.05; P < 0.01; P < 0.001) were considered to be statistically significant.
RESULTS
The first part of our study was performed to investigate the effects on the biochemical parameters in the blood serum following the feeding of a low crude protein diet to piglets. The metabolic variables in the blood serum are shown in Table 3 .
No significant differences were seen between the control and experimental groups in the serum metabolites related to protein metabolism; total protein and albumin. The average concentrations of total protein and albumin for all four weeks of the study period were slightly higher in the con- ), respectively. The biochemi- The additional part of our study was to investigate the effects of feeding a low crude protein diet to piglets on selected indicators of fermentation processes and nitrogen excretion. The variables of fermentation processes are shown in Table 4 .
The evaluation of the fermentation processes through the determination of the VFA in the faeces showed decreasing tendency in individual VFA (acetic, propionic, butyric) and total VFA concentration in the experimental group; however, the differences between the two groups were not significant, except for the concentrations of butyric acid nitrogen and volatile fatty acids in the ileal digesta [22] .
These data are indicative of reduced dietary crude protein levels balanced with AA which has become an alternative approach to reduce the incidence of diarrhoea, in pigs fed antibiotic free diets and still maintain the performance in weaned pigs [11, 24, 33] .
Recent studies in pigs have shown that specific dietary amino acids can improve intestinal integrity and function under normal and pathological conditions that protect the host from different diseases [18] . Threonine and methionine have been reported to regulate: epithelial cell migration and proliferation, cell differentiation, restoration of epithelial barrier functions, and modulation of cell apoptosis, thereby enhancing mucosal healing after intestinal mucosal inflammation [16] . The optimum proportion of sulphur amino acids and threonine to lysine to maximize the performance of growing pigs has also been reported [34, 35] .
Reducing the dietary crude protein level of the diet and supplementing it with limiting crystalline AA can reduce nitrogen excretion, which may prevent surface and ground water contamination [3, 19] . The increasing availability of synthetic amino acids allows for the reduction of the crude protein level in piglet diets in association with adequate AA supplementation, which maintains sufficient essential AA supply with little or no decrease in growth performance [7] .
In our study the reduction of CP (210. A lower blood urea nitrogen indicated higher availability of dietary nitrogen and a better use for amino acids with the CP reduction [30] .
S h i at al. [29] reported that reducing the dietary CP and providing indispensable crystalline AA can improve AA digestibility and reduce AA excretion. In the study by M a et al.
[20], the growth performance was not affected in the young pigs weaned at 28 days of age, as the protein level decreased from 20 % to 17 %, while the nutrient digestion and absorption or the immune function were improved, which implied that 17 % protein level may be of benefit for nutrients absorption of pigs. This is in agreement with K u m a r et al. [14] , who concluded that the crude protein concentration can be reduced safely by 10 % to that of requirements in diet without any compromise of performance.
The high dietary CP concentration, as is common in diets for early-weaned pigs, may increase microbial fermentation of undigested protein. The evaluation of the fermentation process through determination of VFA in the faeces performed in our study showed a decreasing tendency in individual VFA in the group with lover level of CP in the diet, but the differences between groups were not significant, except for butyric acid concentration. H t o o et al. [12] detected that the reduction in CP content from 24 to 20 % in weaned pigs leads to decreased faecal ammonia nitrogen (P < 0.05), acetic acid and total VFA concentrations. In the study by H e o et al. [11] feeding low-protein treatments had no effect on the total VFA level for 14 days after weaning. Contrary to our results, pigs in the high protein treatment showed a higher pH value of faeces on day 10 compared with pigs in the low protein treatments. 
CONCLUSIONS
